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(54) Diffractive spatial light modulator 

(57) A diffractive spatial light modulator comprises 
an electro-optic material, such as FLC, disposed 
between upper and lower substrates. The upper sub- 
strate carries two or more sets of interdigitated elec- 
trodes 20, 21 which extend over the whole of the device. 
The electrodes of each set are connected together and 
are interdigitated with the electrodes of the other set. On 
the other substrate, an array of discrete electrodes is 
provided for addressing the pixels and controlling their 
state. The sets of interdigitated electrodes are con- 
nected to receive suitable voltages or pulses whereas 
the appropriate voltages or pulses supplied to the indi- 
vidual pixel electrode 23 allow each pixel to be switched 
between a diffractive mode in which it acts as a phase- 
only diffraction grating and a non-diffractive mode. Light 
may be collected, for instance, from the first order dif- 
fraction modes so as to provide display in which each 
pixel is dark in the non-diffractive state and light in the 
diffractive state. 
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Description 

The present invention relates to a diffractive spatial 
light modulator. Such a modulator may be used in a dis- 
play. 

EP 0 81 1 872 and GB 2 31 3 920 disclose a diffrac- 
tive spatial light modulator which may be used in a dis- 
play. The spatial light modulator (SLM) comprises a 
ferroelectric liquid crystal layer covered on one side by a 
continuous electrode and on the other side by discrete 
picture element (pixel) electrodes. Each of the pixel 
electrodes comprises first and second sets of interdigi- 
tated electrodes. By applying suitable voltages to the 
various electrodes, each pixel can be switched between 
a non-diffractive state, in which light is transmitted or 
reflected into the zeroth order diffraction mode, and a 
diffractive state in which the pixel forms a phase-only 
diffraction grating and diffracts light into non-zero dif- 
fractive orders. In the diffractive mode, each pixel com- 
prises a plurality of elongate or strip regions such that 
light beams passing through adjacent strip regions 
undergo a relative phase shift of 180 degrees. In the 
non-diffractive state, all light passing through the pixel is 
subject to substantially the same phase change. By col- 
lecting light in, for instance, the plus and/or minus first 
order diffraction modes for display, each pixel appears 
dark when in the non-diffractive state and light when in 
the diffractive state. 

R. Apte et al, SID 1993, pp. 807-808, "Deformable 
Grating Light Valves for High Resolution Displays" dis- 
close an arrangement which uses the same diffractive 
optical effect. However, diffraction is caused by 
mechanically moving freely suspended under-etched 
linear reflectors. 

G, Sextro et al, SID 1995, pp. 70-73, "High-Defini- 
tion Projection System Using DMD Display Technology" 
discloses a high brightness projection panel which uses 
flexible micro-mirrors. The mirrors are controlled so as 
to deflect light in or out of the display light path. 

K.M. Johnson et al, IEEE J. Quantum Electronics, 
1993, vol. 29, No. 2, pp 699-714, "Smart Spatial Light 
Modulators using Liquid Crystals on Silicon" discloses 
various techniques for combining liquid crystal devices 
with silicon integrated circuit technology to form SLMs. 

According to the invention, there is provided a dif- 
fractive spatial light modulator characterised by com- 
prising a layer of electro-optic material, a first electrode 
arrangement substantially covering a first side of the 
layer, and a second electrode arrangement substantially 
covering a second side of the layer, the first electrode 
arrangement comprising a plurality of sets of elongate 
electrodes, the elongate electrodes of each set being 
electrically connected together and being interdigitated 
with the elongate electrodes of the or each other set, the 
second electrode arrangement comprising a plurality of 
discrete picture element electrodes. 

The electro-optic material may comprise a liquid 
crystal. The liquid crystal may be a ferroelectric liquid 



2 

crystal. 

The elongate electrodes may be transparent. 
The picture element electrodes may be reflective. 
The picture element electrodes may be arranged as 

5 a two dimensional array. 

The picture element electrodes may be disposed 
on a substrate carrying addressing electronics. The 
addressing electronics may comprise active matrix 
addressing electronics. Each picture element may be 

w connected to a respective control circuit comprising a 
storage element. Each storage element may comprise a 
capacitor connected to the input of a buffer. Each stor- 
age element may be connected to the respective picture 
element electrode by a gate having a control input, the 

is control inputs of the gates being connected together. 

The sets of elongate electrodes may be arranged to 
receive continuously applied voltages and each of the 
picture element electrodes may be selectively arranged 
to receive a first voltage, which is greater than or less 

20 than all of the continuously applied voltages, for select- 
ing a non-diffractive picture element state, and at least 
one second voltage, which is between the highest and 
the lowest of the continuously applied voltages, for 
selecting a diffractive picture element state. The first 

25 voltage, the or each second voltage, and the continu- 
ously applied voltages may be inverted with respect to a 
predetermined voltage for alternate frames of data sup- 
plied to the modulator. The predetermined voltage may 
be zero. 

30 The sets of electrodes and the picture element 
electrodes may be arranged to receive simultaneously 
first pulses and second pulses, respectively, each sec- 
ond pulse having an amplitude less than the amplitudes 
of the first pulses for switching to a diffractive picture 

35 element state or an amplitude between the highest and 
the lowest of the amplitudes of the first pulses for 
switching to a non-diffractive picture element state. The 
elongate electrodes and the picture element electrodes 
may be arranged to receive therebetween an alternating 

40 voltage which is present between consecutive first and 
second pulses. 

It is thus possible to provide an SLM which is suita- 
ble for use as a high brightness display panel and which 
is convenient to manufacture. For instance, in the case 

45 of SLMs having two sets of interdigitated elongate elec- 
trodes, only two connections are required, for instance 
to a glass substrate carrying the elongate electrodes. 
Active matrix pixel addressing may be provided on 
another substrate which, in the case of reflective SLMs, 

so may be formed using standard VLSI techniques. In 
active addressing arrangements, each frame of image 
data is written into and stored in what is effectively a 
frame memory within the addressing electronics while 
the preceding frame is being displayed. The frame 

55 refresh rate is not, therefore, dependent on the 
response speed of the electro-optic material. Thus, 
devices having large numbers of pixels can be used, for 
instance, for high definition television and three dimen- 
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sional stereoscopic displays whilst maintaining other 
material properties such as switching angle. 

It is further possible to avoid the presence of bipolar 
voltages on an "active" substrate so that the complexity 
of the substrate can be reduced to improve manufactur- 5 
ing yield. Even with planar isation, fabrication complexity 
is substantially reduced compared with that required if 
the active substrate had to include bipolar addressed 
electrodes. 

For reflective devices, the efficiency of pixel modu- w 
lation may be improved by providing a uniform reflector 
for each pixel. By avoiding interdigitated or "grating" 
electrodes on the active substrate, optical losses 
caused by light passing through gaps between reflect- 
ing electrode structures are substantially avoided. Such 15 
devices are easier, and therefore cheaper, to manufac- 
ture. 

The invention will be further described, by way of 
example, with reference to the accompanying drawings, 
in which: 20 

Figure 1 is a diagram illustrating liquid crystal dif- 
fractive pixel modulation for transmissive and 
reflective modes of operation; 

25 

Figure 2 is a schematic plan view of an SLM consti- 
tuting an embodiment of the invention; 

Figure 3 is a diagram illustrating continuous voltage 
addressing of the SLM shown in Figure 2; 30 

Figure 4 is a diagram similar to Figure 3 illustrating 
a technique for achieving DC balancing; 

Figure 5 is a diagram illustrating pulsed addressing 35 
of the SLM of Figure 2; 

Figure 6 is a circuit diagram of a pixel circuit based 
on static random access memory (SRAM) tech- 
niques suitable for implementing the pulsed 40 
addressing illustrated in Figure 5; and 

Figure 7 is a cross-sectional view of an SLM of the 
type shown in Figure 2. 

45 

Like reference numerals refer to like parts through- 
out the drawings. 

Figure 1 illustrates the operation of a diffractive 
SLM for the cases of transmission and reflection geom- 
etry. The SLM is shown in simplified diagrammatic form so 
and comprises a top substrate 1 , for instance of glass, a 
bottom substrate 2, and a liquid crystal layer 3, for 
instance of ferroelectric liquid crystal (FLC). For the 
transmission geometry, the bottom substrate is trans- 
parent and may be made of glass. For the reflection 55 
geometry, the bottom substrate is non-transparent and 
a mirror 4 is disposed between the bottom substrate 2 
and the liquid crystal layer 3. Portions of the liquid crys- 



tal of the layer 3 in a first state #1 and having a first 
refractive index n1 are indicated by shading at 5. Por- 
tions of the liquid crystal layer in a state #2 having a 
refractive index n2 are illustrated by lighter shading, for 
instance at 6. 

For the transmission geometry, input light 7, which 
may be unpolarised, is incident on the top substrate 1 
and passes through the liquid crystal layer 3. A region 8 
of the device constitutes a pixel in which all of the liquid 
crystal of the layer 3 is in the second state. Light trans- 
mitted through this pixel is indicated by arrow 9 and is 
substantially unaffected. In particular, this pixel is in a 
non-diffractive state and light leaves the pixel in a direc- 
tion corresponding to a zeroth order of diffraction. The 
region 10 corresponds to a pixel in the diffractive state. 
The liquid crystal comprises strips in the first state alter- 
nating with strips in the second state. The strips are 
arranged such that light rays passing through adjacent 
strips undergo a relative phase shift, for instance of 180 
degrees. The pixel therefore acts as a phase-only dif- 
fraction grating and diffracts light into the higher diffrac- 
tion orders. Arrow 1 1 indicates light diffracted into the 
positive first order whereas arrow 12 indicates light dif- 
fracted into the negative first order. Light leaving the 
pixel 10 in the zeroth order as indicated by arrow : l3 is 
greatly attenuated. 

Operation of the reflection geometry is substantially 
the same except that the light passing through the liquid 
crystal layer 3 is reflected back through the layer 3 by 
the mirror 4. 

A diffractive SLM of the type whose operation is 
illustrated in Figure 1 may be used as a display panel 
comprising a large number of pixels, for instance in the 
form of a regular two dimensional array. An example of 
such an SLM is disclosed in EP 0 81 1 872 and GB 2 313 
920. Light diffracted into the positive and/or negative 
first diffraction orders is collected to form a displayed 
image, for instance by a suitable optical system (not 
illustrated). Thus, when a pixel is in the non-diffractive 
state, substantially no light is transmitted or reflected 
into the first diffraction orders and the pixel appears 
dark. When the pixel is in the diffractive state, the col- 
lected light is displayed so that the pixel appears bright. 
The display can be used with unpolarised input light 7 
and is capable of providing a high brightness image of 
good contrast performance. 

Figure 2 illustrates the electrode structures of an 
SLM for use in a display in accordance with the opera- 
tion illustrated in Figure 1. The top substrate 1 carries 
two sets of interdigitated transparent electrodes 20 and 
21, for instance made of indium tin oxide (ITO). The 
electrodes 20 and 21 are elongate or strip-shaped and 
are parallel with each other. The electrodes of each set 
are connected together and are interdigitated with the 
electrodes of the other set so that only two connections 
are required to the top substrate 1 . 

The bottom substrate 2 carries a rectangular array 
of pixel electrodes such as 23. As shown in Figure 2, 
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each pixel electrode 23 faces a plurality of the interdigi- 
tated transparent electrodes 20 and 21. A matrix 
addressing scheme is provided for individually control- 
ling the pixel electrodes 23 and a pixel element of the 
addressing arrangement is shown diagrammatically to 5 
an enlarged scale at 24. In the arrangement illustrated, 
each pixel electrode 23 is connected to the source of a 
thin film transistor (TFT) in the form of a pixel field effect 
transistor (FET). The pixels are arranged as rows and 
columns with the drains of the transistors of each col- 10 
umn being connected to a respective column or data 
electrode 25 and the gates of the transistors of each row 
being connected to a respective row or scan electrode 
26. The pixels are thus enabled one row at a time so 
that image data for a complete row are written simulta- 75 
neously. The addressing arrangement illustrated sche- 
matically in Figure 2 is thus of the conventional dynamic 
random access memory (DRAM) type and may, for 
instance, be fabricated on a silicon bottom substrate 2 
(in the case of a reflective display) or in the form of siii- 20 
con on glass (for a transmissive display). The address- 
ing arrangement may thus be substantially conventional 
and may be fabricated using substantially conventional 
techniques. 

Switching between the diffractive and non-diffrac- 25 
tive states of the pixels for FLC may be achieved by 
means of two different techniques. The first technique 
relies on the saturation effect of the FLC and uses con- 
tinuously applied voltages, and hence electric fields. 
Above a certain field value, the FLC responds to field 
direction only and not to its magnitude. 

The second technique relies on the dynamic 
threshold of the FLC and uses pulsed voltages and 
hence pulsed electric fields. In this case, the FLC 
switching speed is non-nearly dependent on the applied 
field. This technique also relies on the bistability of the 
FLC. Regions of the material subjected to a relatively 
low field do not respond whereas regions which are 
subjected to a higher field are fully switched and remain 
in the switched state until subsequently reset. 

The "continuous" technique is illustrated in Figure 3 
for the case where there are two sets of interdigitated 
elongate electrodes. The left part of Figure 3 illustrates 
operation during a first frame (FRAME 1) whereas the 
right hand part of Figure 3 illustrates operation during 
the succeeding frame (FRAME 2). The FLC states #1 
and #2 are illustrated by shading and lack of shading 
and the shaded arrows point in the applied field direc- 
tion and have a width corresponding to the magnitude of 
the field. 

During FRAME 1, continuous voltages V1 and V2, 
for instance of 15 and 5 volts, respectively, are applied 
to the electrodes 20 and 21 , respectively. In order to 
switch the pixel "on" i.e. to the diffractive state, a voltage 
V wrjtG is applied to the pixel electrode 23 such that V wrjte 55 
is between V1 and V2 and may, for example, be 10 
volts. The strips of FLC between adjacent electrodes 20 
and 21 are thus subjected to electric fields of opposite 
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polarity and of sufficient magnitude for the FLC to be 
switched oppositely. The thickness of the liquid crystal 
layer 3 and the properties of the FLC are such that, in 
this state, there is a relative phase shift, for instance of 
180 degrees, between the adjacent strips of FLC so that 
the pixel acts as a phase-only diffraction grating. 

In order for the pixel to be switched to the "off" or 
non-diffractive state, a voltage V Qrase is applied to the 
pixel electrode 23. V erase has a value which is either 
greater than or less than both the voltages V1 and V2. 
For instance, as shown in Figure 3, V erase is below V1 
and V2 and may, for example, be 0 volts. The strips of 
FLC between adjacent electrodes 20 and 21 are subject 
to an electric field in the same direction and of sufficient 
magnitude for all of the FLC of the pixel to be switched 
to the same state. Light passing through FLC strips 
under adjacent electrodes 20 and 21 is subject to the 
same phase shift so that the pixel does not diffract the 
light. 

With the pixel switched off and, depending on the 
actual voltages chosen, possibly with the pixel switched 
on, there may be electric field components which are 
perpendicular to the depth direction of the layer 3. How- 
ever, many electro-optic materials such as FLC are sub- 
stantially insensitive to such in-plane electric fields 
between the interdigitated electrodes 20 and 21 so that, 
for instance, good erasure of the grating in the pixel off- 
state can be achieved. 

In order to avoid electro-chemical degradation of 
electro-optic materials such as FLC, the net voltage 
across each strip of the layer 3 when averaged over 
time should be equal to zero. It is possible to provide 
such compensation by reversing all of the electrode 
voltages about an arbitrary voltage Varb during alter- 
nate frames. As shown in Figure 3, Varb may be equal 
to ten volts. Thus, during FRAME 2, the voltages sup- 
plied to the electrodes 20 and 21 are (Varb-V1) and 
(Varb-V2), respectively. In order to turn the pixel on, a 
write voltage V' writ6 equal to (Varb-V write ) is applied to 
the pixel electrode 23. To turn the pixel off, an erase volt- 
age V' erase equal to (Varb-V erase ) is applied to the pixel 
electrode 23. The electric field directions are thus 
reversed for the on and off states of the pixel compared 
with FRAME 1. Because the image data generally 
change with time, field balancing relies on statistical 
averaging over a period of time. Although perfect field 
balancing may not be achieved, achievable balancing 
will, in general, be sufficiently good to avoid electro- 
chemical degradation of the FLC or other electro-optic 
material of the layer 3. 

Figure 4 illustrates the effect of inverting the volt- 
ages V1 and V2 using a dynamic random access mem- 
ory (DRAM) addressing technique. This technique uses 
the active matrix addressing scheme such that image 
data are refreshed one row at a time. When a pixel is 
being refreshed, the pixel electrode 23 is connected to 
the appropriate voltage. However, between consecutive 
pixel refreshers, the pixel electrode 23 is disconnected 



4 



BNSOOCID: <EP_0656767A2J^> 



EP 0 856 767 A2 



7 

so as to be electrically isolated from the addressing cir- 
cuitry. The voltage on the pixel electrode 23 between 
refreshers is thus determined by effects such as the 
voltages on the electrodes 20 and 21 . 

In Figure 4, the voltages in FRAME 1 on the elec- s 
trodes 20, 21 and 23 are the same as in Figure 3. At the 
end of FRAME 1 , in order to provide field balancing, the 
voltages V1 and V2 are inverted about the arbitrary volt- 
age Varb. The voltage on the isolated pixel electrode 23 
becomes Varb-V write . *o 

As shown in Figure 4, this has the effect of revers- 
ing all of the field directions in the strips of FLC. Opti- 
cally, this makes no difference because the grating 
remains and the pixel remains in the on-state. 

For a pixel which was in the non-diffractive or off is 
state, inversion of the voltages on the electrodes 20 and 
21 causes the voltage on the isolated pixel electrode 23 
to become: 

Varb-V2-V1 +V erase 20 

This voltage is such that all of the FLC strips remain 
in the same state. The pixel therefore remains non-dif- 
fractive or in the off state. Thus, inversion of the interdig- 
itated electrodes 20 and 21 does not alter the optical 25 
states of the pixels. 

Another technique based on electro-optic materials 
which respond primarily to field direction but not to mag- 
nitude once saturation is achieved is such that the pixels 
are not driven at all times. This technique relies on bist- 30 
ability of the electro-optic material such as FLC. In this 
case, the switch state is preserved when the "writing" 
field has been removed. 

In order to perform this technique, two distinct 
switching cycles are required for each pixel. In the first 
cycle, all of the pixels are switched to the same state 
and, in the second cycle, those pixels which are 
required to be in the other state are switched. For 
instance, in the first cycle, the pixel electrodes 23 may 
be switched to zero volts and the electrodes 20 and 21 
may be switched to relatively high positive and negative 
voltages, respectively. All pixels are thus turned on into 
the diffractive state. During the second cycle, the volt- 
ages on the electrodes 20 and 21 are set to zero volts 
and the pixel electrodes 23 of those pixels which are 
required to be non-diffractive are set to a voltage which 
erases the gratings in those pixels. 

Figure 5 illustrates a pulsed addressing technique 
in which pulses are applied to the electrodes of magni- 
tudes and for durations such that the electro-optic mate- 
rial such as FLC does not saturate. Again, the left and 
right sides of Figure 5 illustrate consecutive frames to 
provide field balancing. 

In FRAME 1 , all of the pixels are initially switched or 
"blanked" to a non-diffractive state. Pulses having volt- 
ages of V1 and V2 are applied to the electrodes 20 and 
21 for a predetermined duration. Simultaneously, a 
pulse having an amplitude of V non . switch between V1 



and V2 is applied to the pixel electrode 23 for the same 
duration. The pulse durations and amplitudes are cho- 
sen so that all of the strips of FLC under the electrodes 
20 and 21 are switched to state #1 . The pixels are there- 
fore all in the non-diffractive mode during a first time slot 
of the frame. 

During a second time slot, the electrodes 20 and 21 
receive pulses of the same duration and of amplitudes 
V1 and V2 as in the first time slot. However, in the sec- 
ond time slot, the electrode 23 receives a pulse whose 
amplitude V swjtch is less than V1 and V2. V1 is greater 
than V2 and V swjtch is selected so that the FLC strips 
under the electrodes 20 are switched to the second 
state #2 whereas the strips below the electrodes 21 
remain in the state #1 . The pixel can thus be switched 
on to the diffractive state. 

If the pixel is required to stay in the non<Jiffractive 
state, then the pixel electrode 23 is allowed to float dur- 
ing the second time slot so that, because of the bistabil- 
ity of the FLC, the pixel remains in the state set during 
the first time slot. 

During FRAME 2, all of the voltages are inverted 
about an arbitrary voltage Varb, which may be equal to 
zero, so as to provide field direction balancing, as 
described hereinbefore with reference to Figure 3. 
Although such balancing may not occur on a frame-to- 
frame basis because of changes in the pixel data, such 
a technique provides adequate balancing to avoid elec- 
trochemical degradation of the material of the layer 3 
over a sufficient period of operation. 

This technique may be modified such that the writ- 
ing voltage is not between the voltages on the interdigi- 
tated electrodes 20 and 21 during the time slots but is at 
a level such that the induced fields are sufficiently low 
not to switch the FLC within the pulse width. By altering 
the pixel voltage from the mean of the interdigitated 
electrode voltages, the field across the FLC under one 
set of electrodes may be made to exceed the threshold 
and switch the FLC while the remainder of the FLC is 
unaltered so as to form a grating. 

Further, following the switching time slots, a high 
frequency alternating voltage may be supplied to the 
electrodes 20, 21 so as to stabilise the FLC in the states 
selected at the pixels and/or so as to increase the effec- 
tive switching angle of the FLC. 

An SLM employing this technique may be embod- 
ied in the form of a buffered SRAM-type circuit with glo- 
bal timing capability. With such an arrangement, a one 
bit storage element is provided for each pixel and the 
storage elements are loaded by conventional line-by- 
line addressing. When a complete frame of data has 
been written, a latch is switched so as to supply the 
appropriate voltage to the pixel electrodes 23. Simulta- 
neously, the interdigitated electrodes 20 and 21 are 
connected to receive the appropriate voltages. For 
instance, one set of electrodes may be set at twice the 
supply voltage of the SRAM-type circuit and the other 
set of electrodes may be set to zero volts. After a prede- 
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termined time slot, all voltages are reduced to zero for 
the remainder of the frame or the sets of electrodes may 
be connected together and to an alternating voltage 
source for stabilisation purposes. Also, during this 
period, the pixel storage elements are updated with the 5 
next frame of data for the SLM. 

Such a SRAM-type arrangement may alternatively 
be operated in the following way. While the pixels are 
displaying a preceding frame of data, the pixel elec- 
trodes 23 are connected to ground and the electrodes 10 
20 and 21 are connected together and to one terminal 
of an AC source whose terminal is grounded. The AC 
source supplies a high frequency signal, for instance of 
the order of 10 kHz, of insufficient magnitude to change 
the pixel state but sufficient to stabilise the FLC and/or 15 
to increase the effective switching angle of the FLC. 
During this period, a new frame of display data is written 
into the addressing circuit. 

Before the new frame of data is displayed, all of the 
pixels are "blanked" to the same state corresponding to 20 
a black display state when viewed. For blanking pur- 
poses, all of the pixel electrodes 23 remain connected 
to ground but the electrodes 20 and 21 are connected 
together and to a DC source which supplies a signal of 
sufficient magnitude and duration to ensure that all grat- 25 
ings are erased so that all of the pixels are in the non- 
diffractive state. This may be achieved, for instance, by 
"stopping" the AC source at a suitable point in its wave- 
form and for a sufficient period for all of the FLC strips to 
be switched to the same state. 30 

A "global strobe signal" then causes voltage pulses 
to be applied simultaneously to the pixel electrodes 23 
and the electrodes 20 and 21. Pulses of different mag- 
nitudes V1 and V2 are applied to the electrodes 20 and 
21 , respectively. In order for a pixel to remain in the non- 35 
diffractive state, a pulse whose amplitude is between V1 
and V2 is simultaneously applied to the pixel electrode. 
The resulting fields which are generated are too small to 
cause the FLC to respond so that the pixel remains in 
the non-diffractive state. Alternatively, if the pixel is to be 40 
switched to the diffractive state, the pixel electrode 23 
remains grounded. The amplitudes V1 and V2 are cho- 
sen such that the FLC strips subjected to the smaller 
field do not respond but the FLC strips subjected to the 
high field are switched. The pixel is thus switched to the 45 
diffractive state. 

The AC source is again connected between the 
pixel electrodes 23 and the interdigitated electrodes 20 
and 21 while another frame of display data is loaded. 
Field direction balancing may then be performed, for so 
instance as described hereinbefore. 

Figure 6 illustrates a pixel circuit for a SRAM-type 
addressing circuit. The circuit may be formed, for 
instance, by standard LSI or VLSI on a silicon substrate 
comprising the bottom substrate 2. The pixel electrode 55 
or pad 23 is connected to the output of an external syn- 
chronising switch 30. The switch 30 has an input con- 
nected to a one bit storage element 31 and a control 
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input 32 connected to the control inputs of all the other 
pixels. The switch 30 connects the pixel pad 23 to 
ground or to the output of the element 31 , depending on 
the signal on the control input. 

The storage element 31 comprises a capacitor 33 
and a buffer formed by transistors 34 and 35. The input 
of the element 31 is connected via the source/drain path 
of an addressing field effect transistor (FET) 36 to a 
drain line 37. The line 37 is connected to the drains of 
the transistors 36 of a column of SLM pixels and sup- 
plies data for writing to the pixels one row at a time. The 
gate of the transistor 36 is connected to an enable line 
38 which is connected to the gates of the transistors 36 
of a row of pixels. Image data are supplied a row at a 
time to the lines 37 and a strobe pulse is supplied in a 
repeating sequence to the lines 38 to enter the current 
row data into the selected or enabled row of pixel stor- 
age elements 31. When all of the rows have been 
refreshed, all of the switches 30 of the SLM are 
switched so that the pixels display the new frame of 
image data. The pixel electrodes are then connected to 
ground for the remainder of the frame while a fresh 
frame of image data is entered in the SLM. 

As an alternative to the banking arrangements illus- 
trated in Figure 5, the sets of electrodes 20 and 21 may 
be connected together in a first time slot and to a suffi- 
ciently high voltage for erasing or banking any pixel grat- 
ings to a known uniform state. 

Figure 7 illustrates the structure of a reflective 
mode SLM in which the top substrate 1 is made of glass 
and carries the interdigitated electrodes 20 and 21 
which are transparent and made of ITO. The bottom 
substrate 2 is made of silicon (Si) in which the address- 
ing circuitry 40 is integrated, for instance using standard 
VLSI techniques. A planarisation layer 41 is formed on 
top of the substrate 2 with "via hole" connections 42 
connecting the pixel electrodes 23, which form mirror 
pads, to the circuitry 40. An optional waveplate 43 is 
shown between the pads 23 and the layer of FLC 3. 
Aligning layers (not shown) are provided for suitably 
aligning the FLC. 

DRAM-type and SRAM-type addressing circuits 
may also be provided in alternative "active back plane" 
technologies, such as polysilicon or amorphous silicon 
on glass. 

Claims 

1 . A diffractive spatial light modulator characterised by 
comprising a layer (3) of electro-optic material, a 
first electrode arrangement (20, 21) substantially 
covering a first side of the layer (3), and a second 
electrode arrangement (23) substantially covering a 
second side of the layer (3), the first electrode 
arrangement comprising a plurality of sets of elon- 
gate electrodes (20, 21), the elongate electrodes 
(20) of each set being electrically connected 
together and being interdigitated with the elongate 
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electrodes (21) of the or each other set, the second 
electrode arrangement comprising a plurality of dis- 
crete picture element electrodes (23). 



the highest and the lowest of the continuously 
applied voltages, for selecting a diffractive picture 
element state. 



2. A modulator as claimed in Claim 1 , characterised ins 13. 
that the electro-optic material comprises a liquid 
crystal. 

3. A modulator as claimed in Claim 2, characterised in 
that the liquid crystal is a ferroelectric liquid crystal. 10 

14. 

4. A modulator as claimed in any one of the preceding 
claims, characterised in that the elongate elec- 
trodes (20, 2 1 ) are transparent. 1 5. 

75 

5. A modulator as claimed in any one of the preceding 
claims, characterised in that the picture element 
electrodes (23) are reflective. 

6. A modulator as claimed in any one of the preceding 20 
claims, characterised in that the picture element 
electrodes (23) are arranged as a two dimensional 
array. 

7. A modulator as claimed in any one of the preceding 25 
claims, characterised in that the picture element 16. 
electrodes (23) are disposed on a substrate (2) car- 
rying addressing electronics (40). 

8. A modulator as claimed in Claim 7, characterised in 30 
that the addressing electronics (40) comprise active 
matrix addressing electronics. 

9. A modulator as claimed in Claim 8, characterised in 
that each picture element electrode (23) is con- 35 
nected to a respective control circuit (30-36) com- 
prising a storage element (31). 

1 0. A modulator as claimed in Claim 9, characterised in 
that each storage element (31) comprises a capac- 40 
itor (33) connected to the input of a buffer (34, 35). 

1 1 . A modulator as claimed in Claim 9 or 1 0, character- 
ised in that each storage element (31) is connected 

to the respective picture element electrode (23) by 45 
a gate (30) having a control input (32), the control 
inputs (32) of the gates (30) being connected 
together. 

1 2. A modulator as claimed in any one of the preceding so 
claims, characterised in that the sets of elongate 
electrodes (20, 21) are arranged to receive continu- 
ously applied voltages and each of the picture ele- 
ment electrodes (23) is selectively arranged to 
receive a first voltage, which is greater than or less 55 
than all of the continuously applied voltages, for 
selecting a non-diffractive picture element state, 
and at least one second voltage, which is between 



A modulator as claimed in Claim 12, characterised 
in that the first voltage, the or each second voltage, 
and the continuously applied voltages are inverted 
with respect to a predetermined voltage for alter- 
nate frames of data supplied to the modulator. 

A modulator as claimed in Claim 13, characterised 
in that the predetermined voltage is zero. 

A modulator as claimed in any one of Claims 1 to 
1 1 , characterised in that the sets of electrodes (20, 
21) and the picture element electrode (23) are 
arranged to receive simultaneously first pulses and 
second pulses, respectively, each second pulse 
having an amplitude less than the amplitudes of the 
first pulses for switching to a diffractive picture ele- 
ment state or an amplitude between the highest 
and the lowest of the amplitudes of the first pulses 
for switching to a non-diffractive picture element 
state. 

A modulator as claimed in Claim 15, characterised ^ 

in that the elongate electrodes (20, 21 ) and the pic- 3 

ture element electrodes (23) are arranged to 

receive therebetween an alternating voltage which ~^ 

is present between consecutive first and second 

pulses. ... ■> 



7 



BNSDOCID: <E P__0656767A2J _> 




BNSDOCIO. <£P_0656767A2J^ 




BNSDOCID: <EP_0856767A2J_> 



9 



EP 0 856 767 A2 



t 




10 



BNSDOCID: <EP 0656767A2 I > 



EP 0 856 767 A2 




11 



EP 0 856 767 A2 




12 



0. 



EP 0 856 767 A2 




1 bit storage 
element 31 



Interdigitated 
electrodes 



F I G . 6 



ci r TO irtferdcrtated 

electrodes 20,21 ^Wave plate 43 






Glass substrate 1 





Mirror pad 23 



Via hole 
connection 42 



Planarisation 
layer 41 



BNSDOCID: <EP__0656787A2J^ 



13 



(19) 



J 



(12) 



Europaisches I^^Bamt 
European Patent Office 
Office europeen des brevets (1 1 ) 

EUROPEAN PATENT APPLICATION 



EP 0 856 767 A3 



(88) Date of publication A3: 


(51) int. CI 6 : G02F 1/1343, G02F 1/136, 


24.03.1999 Bulletin 1999/12 


G02F 1/29, G02F 1/141 


(43) Date of publication A2: 




05.08.1998 Bulletin 1998/32 




(21) Application number: 98300627.1 




(22) Date of filing: 29.01.1998 




(o4) Designated Contracting btates. 


* lomoiing, oraig 


AT BE CH DE DK ES Fl FR GB GR IE IT LI LU MC 


otaanampton, uxrorasnire, ua*r #uh vi*bj 


NL PT SE 


* May hew, Nicholas 


Designated Extension States: 


Osney Island, Oxford, 0X2 0BD (GB) 


AL LT LV WIK RO SI 


• Koden, Mitsuhiro 




Kashiwa-shi, Chiba-ken (JP) 


(30) Priority: 31.01.1997 GB 9702076 


• Towler, Michael John 




Botley, Oxford, OX2 9AL (GB) 


(71) Applicant: 


SHARP KABUSHIKI KAISHA 


(74) Representative: 


Osaka-shi, Osaka-fu 545-0013 (JP) 


Robinson, John Stuart 




Marks & Clerk 


(72) Inventors: 


Nash Court 


• Robinson, Michael Geraint 


Oxford Business Park South 


Stadhampton, Oxford, OX4 7UU (GB) 


Oxford OX4 2RU (GB) 



CO 

< 

CO 

<£> 
LO 
CO 

o 

Q. 
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fraction modes so as to provide display in which each 
pixel is dark in the non-diffractive state and light in the 
diffractive state. 
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